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series of enzymatically catalyzed transformations of the free chromophore, which is expelled from the sterically strained metarhodopsin-arrestin complex (Wald, 1968; Rando, 1992) . The invertebrate photopigment, in contrast, is a bistable device that does not require the dissociation of retinal from metarhodopsin; it relies on photochemistry rather than enzyme catalysis to regenerate the light-sensitive chromophore (Hillman et al., 1983 ; Kiselev and Subramaniam, 1994; Ranganathan and Stevens, 1995; Kiselev and Subramaniam, 1997). Absorption of a second photon, of lower energy than that required for the transition that activates visual transduction, isomerizes bound all-trans to 11-cis retinal and releases the regenerated rhodopsin from its complex with arrestin (Byk et al., 1993; Ranganathan and Stevens, 1995).
The Minimal "chARGe" The simplicity of its retinal cycle should enable invertebrate phototransduction to function outside a specialized photoreceptor environment. Expressed ectopically, the invertebrate-but not the vertebrate-transduction machinery could serve as a light-controlled source of depolarizing current to stimulate electrical activity in excitable cells, or of intracellular Ca 2ϩ to activate Ca 2ϩ -dependent processes such as neurotransmitter release. In a first test of this possibility, and in an effort to delineate the minimal set of transduction components necessary for sensitizing a nonphotoreceptor cell to light, Xenopus oocytes were programmed with pools of mRNAs encoding combinations of ten proteins with genetically or biochemically defined roles in Drosophila phototransduction, the most thoroughly characterized invertebrate system (Montell, 1999; Hardie and Raghu, 2001 ). The ten 
Photostimulation of ChARGed Neurons
To examine its ability to transduce an optical stimulus into neuronal activity, the minimal chARGe (NinaE, arrestin-2, and G q ␣) was expressed in hippocampal neurons in primary culture. ChARGed neurons, identified by a cotransfected GFP marker (Figure 3) , were indistinguishable in differential interference contrast (DIC) from their untransfected counterparts and had identical resting membrane potentials, synaptic potentials, and rheobases (see below). Neither chARGed nor untransfected neurons in retinal-treated cultures showed signs of damage or death after exposure to stimulating light (data not shown).
For intracellular recordings of light-evoked electrical activity, neurons were placed under whole-cell current clamp before reconstitution of NinaE with retinal. The summed to threshold (e.g., Figure 4C ). Exposure to white 4A and 4D) . Spikes occurred in "random" sequences with almost exponentially distributed interspike intervals (n ϭ 11 neurons; Figure 4A and Figure 6 ) or in the form of extended trains whose frequencies adapted (n ϭ 3 neurons; Figure 4D ). Action potentials of neurons in the second class (n ϭ 4) were always superimposed on slower depolarizing potentials; they either clustered in stereotyped high-frequency bursts of four to nine spikes (n ϭ 2 neurons; Figure 4B ), or in irregularly timed epochs of variable duration and discharge intensity (n ϭ 2 neurons; Figure 4C ).
The observed electrical activity could be due to synaptic or autaptic (recurrent) excitatory inputs activated by an IP 3 -induced rise in presynaptic Ca 
